Abstract: We examine the cost structure of public schools in this paper, using frontier cost models that enable us to estimate sources of inefficiency. A two equation stochastic frontier model is presented that can be used to explain both cost and the sources of inefficiency. Using that model and data for public schools in Nebraska over the period 1989-92, we estimate cost frontiers for the districts. Estimated cost frontier information is then used in estimating school district need for purposes of computing state aid, illustrating an important potential application of such information.
INTRODUCTION AND BACKGROUND
Over the past two decades across countries and regions serious questions have been raised about performance in the public education sector. In the United States, growing reluctance on the part of taxpayers at the local level to pay increasing taxes has become pervasive. School district expenditure, its mode of funding, and social equity effects on educational outcomes have all been the subject of numerous studies. In particular, a number of recent studies have examined the economic efficiency of public schools. One of the common analytic tools used in these studies is the estimation of the cost structure of the educational production process.
Knowledge of cost structure and estimates of efficiency should shed light not only on the expenditure side, but also on efforts to derive useful policy implications for the funding and equity in public education.
School districts in Nebraska, like many other states, have been dependent on property tax and state/federal aid for their funding. Believing that school district funding was too dependent on the property tax, and desiring to achieve additional equity across districts, a commission was instituted in 1988 in Nebraska to formulate policies for financing, expenditure, and equity. Part of the motivation for the commission was a desire to avoid court-ordered reform due to perceived inequality in funding across districts, as had been experienced in a number of states in the previous decade. It was perceived to be time to overhaul the state aid mechanism for funding public schools, taking into account appropriate measures of school district need and resources.
The Nebraska school aid formula was revised in 1990-91 to rationalize state aid, basing aid on the difference between school district need and resources. The definition of district need prescribed was quite primitive, simply defining need as the average expenditure of districts of roughly similar size. Districts were classified by size, with the two largest districts in the state, Omaha and Lincoln in their own classes. Hence, district need was simply defined as district expenditure for these specific districts. Districts in classes composed of more than one district, have need defined as the average expenditure of the districts in the size class. This approach to state aid funding is not unique to Nebraska, but does illustrate the critical role to be played by proper estimates of school district need.
Within this context, our paper is an attempt to study the cost structure and efficiency of each of the Nebraska school districts included over the period of 1989-92. The new element in this research approach is to focus on frontier cost, rather than on average function cost, to derive insights about the cost structure and efficiency performance of Nebraska school districts. In this paper, we first present a summary of the underlying theory of public education cost function estimation. Then, we suggest an alternative method of cost function modeling and estimate the proposed cost frontier model in the case of Nebraska school districts. We explain the usefulness of the cost frontier approach in exploring cost structure and in measuring efficiency of public education. Finally, we suggest ways to improve public education finance mechanisms, intended to address fiscal disparities across districts, by examining the potential use of frontier cost estimates of district need in the state aid formula.
THEORY OF PUBLIC EDUCATION COST FUNCTION ESTIMATION

The Average Response Function and the Concept of a Frontier Function
The approach adopted in this paper to examine cost and fiscal issues of Nebraska school districts is different from that used in prior studies based on ordinary least squares (OLS) estimation of educational cost structure. Other econometric methods have also been suggested to improve the unbiasedness, efficiency, and consistency of estimators. See Downes and Pogue (1994) , for example. For non-statistical frontier methods, see Klitgaard and Hall (1975) , Levin (1976) , Sengupta and Sfeir (1986) , McCarty and Yaiswarng (1993) . For parametric statistical frontiers, see Barrow (1991) , Wyckoff and Lavinge (1991) , and Chakraborty et al. (1996) .
OLS estimation of a cost function for school districts involves fitting an average response function through the scatter of school district points. The implicit educational production technology estimated by this method is thus an average technology for school districts in the sample. Estimated coefficients for the variables of such a cost model reflect an average technology, not a technology reflecting the best that can be done with given resources. Farrell (1957) first recognized that the traditional econometric techniques (represented by the socalled average response function of OLS) do not appropriately estimate what is needed in many production and cost studies, based on the microeconomic definitions of cost and production functions. His idea was to fit a curve that would pouch all the observed points above the curve, in the case of a cost function, or envelope all the observed points below the curve in case of production function. Hence, Farrell's suggested frontiers represent the best available technology and his concept of a frontier function was suggested as method to measure the efficiency of enterprises. However, the average response function has been the focus of the mainstream econometric literature in production and cost economics. If we assume all firms are efficient then no doubt, such an average function would be adequate for describing the efficient technology involved. If inefficient production units exist, however, then Farrell's frontier concepts are not only relevant, but also necessary for conducting appropriate analysis. It is our contention that such methods are appropriate in estimating public education cost functions.
Advantages of Frontier Modeling
A statistical deterministic cost frontier can be adopted from Afriat (1972) written as log [C] = log [C(y, p)] + u, where log [C] is the natural logarithm of cost per pupil and u is a nonnegative random variable (u ≥ 0, i.e., strictly one-sided distribution,) representing cost inefficiency effects. Output is denoted y and input prices are denoted p. Here, the cost frontier is the non-stochastic part, log [C(y, p)] = C f , and as such it is called the deterministic frontier. In this case, residuals are entirely attributed to inefficiency. The most damaging criticism cast on this model is that it ignores the regular noise term. For this reason and others cited in Coelli (1995) , econometricians have abandoned the deterministic frontier for efficiency measurement.
In a stochastic cost frontier model there are two error terms: one symmetric and another asymmetric. Schmidt (1985-86) explains that the first term is a regular symmetric noise term representing "events not under the control of the firm, such as luck, weather, etc." The error term is assumed to be independently and identically distributed normal with zero mean and constant variance: v~iid N(0, óv 2 ). Second, cost inefficiency effects are captured in an asymmetric error term u, independent of v, and are assumed to be arising from an iid truncatednormal or exponential distribution (u ≥ 0; half-normal or exponential, as in Schmidt and Lovell (1979) ). The stochastic frontier model is represented as:
The combined error term (v+u) has a range of -to + , but the distribution is skewed and has a non-zero mean,
given by the mean of the composite error term (v+u). Addition of a noise term provides superiority for the stochastic model, in comparison with a deterministic frontier model. A stochastic model allows us to conceptualize both favorable and unfavorable random conditions (v) separately from inefficiency effects (u). This feature provides a way to measure efficiency less arbitrarily than a deterministic model.
The composite nature of the error term in the stochastic model also has very helpful implications in the analysis of school district cost structure. For example, Bradbury et al. (1984) and Downes and Pogue (1994) included environmental cost factors in cost models, and thus tried to identify the cost differential between local jurisdictions (municipalities, school districts, cities and towns) because of uneven environmental cost factors. In the case of education, it might be that in one school district there is an extra cost of $R per pupil due to a particular environmental cost factor such as the presence of special-need students. There may be agreement among state and local officials that this $R per pupil should be covered by the state aid formula. However, it is reasonable to ask under what random favorable or unfavorable conditions a particular school district is operating.
It could be that the school district is operating under a favorable condition that helps the school district save cost in the amount of $Q per pupil. In this situation, the school aid formula should be adjusted for the required expenditure of $R per pupil to $(R-Q) per pupil. In a similar way, it can be argued that the adjusted extra cost per pupil would be $(R+Q) in an unfavorable situation. The opportunity to account for favorable and unfavorable conditions in the environment of school districts is possible because of the composite error structure (u+v) in stochastic cost frontier and can then be instrumental in adjusting the school aid formula. Thus, besides providing an efficiency measure for school districts, the stochastic cost frontier approach has significant potential for rationalizing school aid.
A geometric exposition of cost frontier concepts, following Battese (1992) , is illustrated in Figure 1 . C f represents the deterministic part of a cost frontier C(y, p, â) in the figure. Three school districts denoted with scale subscripts i, j, and k, illustrate three possible situations in terms of their relative size of inefficiency and random favorable/unfavorable condition with which they are operating. School district k's stochastic cost frontier lies above the corresponding deterministic part, indicating a random unfavorable operational condition (vk > 0).
Inefficiency uk contributes to placing district k further above the cost frontier C f . In the case of school district i, the stochastic cost frontier is below the deterministic frontier line implying a random favorable condition (vi < 0).
However, inefficiency of the school district i offsets the favorable condition (ui > vi) and causes the observed cost to be higher than the deterministic cost frontier. School district j's situation is similar (vj < 0) to school district i, except that j's efficiency level is relatively better [(uj/vj) < 1 and (ui/vi) > 1] than school district i, resulting in an observed cost lower than the deterministic cost. This description of the relative size of u and v terms helps illustrate the potential of the stochastic frontier function in addressing the issue of fiscal disparities among school districts.
Favorable and unfavorable conditions are random, by definition, so they should not affect the specification of the model. As long as inefficiency effects are random they should not cause a serious specification problem. However, if we assume that observed inefficiency is systematically dependent on controllable factors, and we do not incorporate them in the cost model, they will cause specification error.
Factors systematically causing inefficiency eventually affect cost. If we could account for the fixed portion of inefficiency it would improve the quality of estimations. Attempts to incorporate variables that explain inefficiency directly within the cost function might introduce other econometric problems (e.g., multicollinearity).
With completely deterministic inefficiency (different from the concept of deterministic frontier), however, OLS estimation would suffice if we could include the variables that systematically affect inefficiency. Unfortunately, one limitation of this approach is that the inefficiency effects cannot be singled out. A one-equation stochastic frontier model is obviously irrelevant when inefficiency effects are modeled with a systematic component only.
But if the inefficiency effects consist of systematic and random components, then we need to be more careful about specification. In this circumstance, a one-equation stochastic frontier model would seem to be more vulnerable to misspecification. Reifschneider and Stevenson (1991) addressed the question of "whether inefficiency occurs randomly across firms, or whether some firms have predictably higher levels of inefficiency than others." They argued "if efficiency ... is not totally random, then it would be possible to identify factors that contribute to the existence of inefficiency." They developed a single-step MLE technique similar to, but independent of, the Kumbhakar et al. (1991) technique. Their empirical results for the cost frontier of an electric utility suggest that including both systematic and random components in the inefficiency error term is superior. A two-equation model, including equation for inefficiency effects, as proposed by Kumbhakar et al. (1991) and Reifschneider and Stevenson (1991) (extended further to panel data by Battese and Coelli (1993) ), appears to be better conceptualized to handle the anticipated specification problem. The first equation of a two-equation model can be written as equation (1) where v~iid N(0, óv 2 ), and u comes from the distribution N(äZ, óu 2 ) which is truncated at zero. Z is a column vector of firm-specific factors that explain the systematic part of firm inefficiency and ä is a row vector of corresponding parameters. In the second equation the error term u is specified as
where w represents the random component of inefficiency, distributed as a normal random variate N(0,ó u 2 ), truncated at -f(äZ). This two-equation model has another important aspect. It can address heteroskedasticity that may be present in the efficiency distribution. In the public school cost function context, it is apparent that the variance in cost per pupil is not constant, but depends on school district size. Battese and Coelli (1993) adopted and extended the Kumbhakar et al. (1991) Battese and Coelli (1993) and Coelli and Battese (1996) Hanushek (1979 Hanushek ( , 1986 has noted that since Coleman et al. (1966) outlined "a bewildering array of technical and esoteric issues" and revealed "apparently contradictory results" on the production process of primary and secondary schools in the United States, there have been many economic studies researching the production, efficiency and cost structure of public education. The basic questions addressed in those studies are:
what factors do influence students' performance? What are the determinants of educational cost structure? Are the schools operated efficiently? However, the results of these studies are surrounded by considerable controversy, as observed by Hanushek (1987) . Researchers often find that the most excruciating part of analysis lies in the methodological issues involved. Hanushek (1979 Hanushek ( , 1986 , Woodhall (1987a Woodhall ( ,1987b , Verry (1987) , and the Walberg, Cohn and Bray entries in Husen and Postlewaite (1989) provide a detailed and encyclopedic discussion of the conceptual and empirical issues commonly faced in estimating econometric models of public schools. In terms of model specification and policy focus, an earlier group of cost studies including Riew (1966) , Cohn (1968 Cohn ( , 1975 , and
Hough ( One prior study of Nebraska school districts has been published. In order to study the fiscal condition of Nebraska school districts, Ratcliffe et al. (1990) adopted the methodology of Bradbury et al. (1984) . That fiscal study of Nebraska school districts examined the relationship between cost of educational services and environmental cost factors (including socioeconomic characteristics of the communities), controlling for the level of school output (fiscal resources and demand variables). They found five factors (handicapped students, transportation costs, proportion of elementary and secondary students, economies of scale, and interclass cost differences) which are not controllable by school officials, but do appear to have influence on the cost of public education in Nebraska. The study did not use average teacher salary or test scores as explanatory variables for educational cost. They argued that a test score "inevitably leaves out many of the services provided by a school district." Ratcliffe et al. (1990) , like Bradbury et al. (1984) , presumably believed that variation in teacher salary would be reflected in the variation of environmental cost factors. In order to be comprehensive, the study claimed to have controlled for educational output (including school quality) by including variables that influence voters' decisions about school output.
Frontier Approach to Estimation of Production and Cost Function of Education
In order to examine scale economies in California public school districts, Sengupta and Sfeir (1986) estimated a nonparametric production frontier by linear programming and a parametric "average" production function by standard regression (OLS). Overall economies of scale estimated by a production frontier indicates a higher level of economies of scale for schools close to the frontier than the schools further off from the frontier.
An average production function, as it is estimated by standard regression, is not susceptible to the differential scale economies across school size. Thus, Sengupta and Sfeir argued for a frontier function in capturing the differential scale effects of small and large schools. In their study, the estimated production frontier appears to have been placed neutrally downward from the average production function except for the input denoting average class size. This raises an important concern. Had the frontier not been a neutral shifting of the average function, the effect of explanatory variables estimated from the average function might not be reliable. This suggests that the importance of estimating the frontier function lies in not only efficiency analysis, but also in the need to understand the effects of individual explanatory variables when the operation of a school district is close to the frontier. Barrow (1991) estimated statistical one-equation stochastic cost frontier models for local educational authorities in England. While developing the model he referred to Darlington and Cullen (1984) and Levitt and Joice (1987) , where the importance of socioeconomic variables had been emphasized. Barrow maintained that "the socioeconomic background variables appear to be more important statistically than variables relating to input quantities such as the pupil-teacher ratio." He used the average cost per pupil in schools as dependent variable, and the number of students as scale factor, performance in "O" level exams as output, and proportions of pupils receiving free meals, from low socioeconomic background, with additional educational needs as socioeconomic variables. He argued that socioeconomic variables could be thought of as "correcting the exam performance variables to give a measure of value added rather than gross output." It is interesting to recall that Jimnez (1986) , on the contrary, used test scores to purge out the differential effects of socioeconomic background of students.
Barrow's socioeconomic variables appear to have been conceived as environmental factors. To the best of our knowledge, Barrow's piece was the first published article of this type where a stochastic cost frontier was used to assess efficiency of schools. However, he did not elaborate on how the estimated cost frontier of schools could be used to guide policy analysis of fiscal issues so important for the operation of local educational authorities.
Model Specification
In case of school districts, unlike regular manufacturing plants (in technological sense, which usually operates in isolation from the community), there are compelling reasons to search for other factors that influence the cost of public education. In cost functions, disparities in local conditions have implications for spending and are characterized as uneven environmental cost factors as in Bradbury et al. (1984) , community attributes as in Downes and Pogue (1994) , or quasi-inputs as in Hughes (1988) . This is a unique aspect of the technology involved in producing local educational services.
The distinction between a direct cost function and an indirect expenditure function, as described in Downes and Pogue (1994) , is a helpful framework within which to discuss the variables that determine local expenditure. However, we suggest that whenever variables are put into the cost function under the umbrella of environmental factors we imply that our output measures and/or input prices are not complete. Thus, in practice,
we get a quasi-cost or quasi-expenditure function. However, there is one good aspect of this incomplete output and/or input price measure. That is, we can focus on uneven environmental cost factors, and can formulate policies addressing each cost factor. Therefore, depending on the purpose of the study, availability of data, and empirical testing of the specifications, one should decide whether a quasi-cost or quasi-expenditure function would be appropriate. Given the purpose of the present paper, models of quasi-cost functions for Nebraska school districts have been formulated and estimated.
Conceptual Structure for Cost Models of Nebraska School Districts
Given the situation in Nebraska school districts, it is reasonable to assume that school districts minimize their expenditure per pupil in order to meet ever-increasing budget pressures. Assuming cost minimizing behavior by school districts and modeling inefficiency with random and systematic components, we apply the Battese and Coelli (1993) two-equation model and write the cost frontier as:
Where log [DPPi] is the natural logarithm of disbursement per pupil, Si is a vector of educational services, pi is a vector of input prices, and ENFi is a vector of environmental cost factors. C(.) is the cost function and the vi's represent a noise term assumed to be iid ~ N(0, óv 2 ). Here, the nonnegative inefficiency effects, the ui's, are assumed to be independently distributed as truncated (at zero) normal distributions with constant variance óu 2 and means äZi. Means are a linear function of school district specific characteristics (and time, if panel data). Zi is a column vector of explanatory variables for inefficiency effects (including interaction between variables in the cost function and any other plausible variables; Huang and Liu, (1994) ), ä is a row vector of unknown parameters, and wi follows a truncated normal distribution (truncated at (-äZi)): wi ~N(0, óu 2 ). The cost efficiency is defined as: Efficiency = (Actual cost/ Frontier cost). This is computed as the exponential function of (äZi + wi). The point estimator for cost inefficiency (ui) is the expected value of EXP(äZi + wi), given (ui + vi). Ratcliffe et al. (1990) , in the case of Nebraska school districts, and Barrow (1991) in case of cost frontier for local educational institutions, are both helpful in identifying particular variables for specification of the cost frontier for Nebraska school districts. Unlike the districts in the California system, school districts in Nebraska have control over cost per pupil. Therefore, disbursement per pupil DPP, measured as current expenditure per pupil, is an appropriate measure of educational costs in Nebraska, including instructional cost, administrative cost, transportation cost, and maintenance cost.
Enrollment and other variables have been considered as outputs (including test scores, and quality adjusting variables), as suggested by Lewis and Chakraborty (1996) and discussed in the International Encyclopedia (1989). In the cost specification for Nebraska school districts, average daily membership (ADM)
is considered an output and captures the important issue of economies of sale. Graduation rates (GR) in Nebraska school districts appear to be a measure of wastage (of resources) or repetition (of students in class). It indicates a measure of the flow of students in the school districts. Since there are no standardized test scores available for Nebraska school districts, and available graduation rates are just an indication of what proportion of students fulfill the basic requirements to graduate, interpretation of graduation rates as a proxy for measure of "wastage and repetition," as suggested by Loxley (1987) , seems to be helpful. In some studies, such as Jimnez (1986), standardized test scores have been used to control for students' socioeconomic backgrounds and abilities. Lewis and Chakraborty (1996) used the graduation rate as a measure of output. Ratcliffe et al. (1990) notes several studies that used test scores to adjust for the quality of students. Barrow (1991) and Downes and Pogue (1994) used test scores as measures of output.
As an input price, average salary for full time equivalent teachers (AVGS) is a standard argument in a cost function. However, some empirical studies, such as Ratcliffe et al. (1991) and Bradbury et al. (1984) , have not used any measure of input price. They argued that not putting an input price (such as teacher salary) in the cost function would allow environmental factors to reflect both the direct effect of cost factors on expenditure and an indirect effect via input prices. It may be argued that putting input prices in the function would help to isolate the direct effect of the environmental factor on the expenditure. Moreover, it is important to remember that teacher's salary constitutes a significant portion of educational cost. There are studies, however, that include teacher salary and other composite input prices in the educational cost function: Jimnez (1986), Downes and Pogue (1994) , and Lewis and Chakraborty (1996) .
The proportion of special-need category students (SP), like students with limited English proficiency (LEP), is an environmental factor (ENF). This type of variable has been widely investigated in the literature. For example, Downes and Pogue (1994) examined the effects of LEP on cost per pupil in Arizona elementary and secondary public schools. Ratcliffe et al. (1990) found that in case of Nebraska school districts this variable was important. Understanding the effects of this variable on educational expenditure has potential to provide tools for adjusting school aid formulae. ADM can be also considered as one of the environmental factors, in the sense that economies of scale contribute to the cost side of fiscal disparities, as in Ratcliffe et al. (1990) .
The Z vector can include any variable that explains the observed cost of inefficiency. An interesting aspect of this set of variables is that it can accommodate interaction between the regular right hand side variables of the cost function and other exogenous variables. Thus, it helps to unravel any non-neutral shifting of the average response function, as described in Huang and Liu (1994) . Interaction between educational experience of teachers (EDX) and the size of the school district (ADM) has been hypothesized to be a promising variable for explaining cost inefficiency for Nebraska school districts.
FRONTIER MODEL ESTIMATION
Two-Equation Stochastic Cost Frontier Models
The software package, Frontier 4.1, described in Coelli (1994) , was used in this study to estimate the parameters of the two-equation cost frontier model and the inefficiencies of Nebraska school districts. The crucial empirical question that needs to be settled prior to embarking on the frontier cost analysis is: do we need to go beyond OLS, or is any form of stochastic cost frontier at all required? In the traditional average response function (OLS), school districts are assumed to be fully efficient, i.e., the ui term is not present in the model.
Inefficiency effects incorporated in a two-equation stochastic cost frontier model enables investigation of the causes of inefficiencies. Moreover, the capacity of such a model to accommodate interactive terms facilitates empirical testing of the OLS specification and its ability to reveal the shape of the cost frontier in the presence of inefficiency. When inefficiencies systematically affect costs, improved specification of the cost structure can be obtained using the two-equation model. The two-equation panel data model also facilitates ordering the school districts by their estimated inefficiency in each time period. This is not permitted in the one-equation frontier panel data model, as noted by Battese and Coelli (1992, 1993 ). The panel model helps us examine the dynamics of relative efficiency changes over time. Thus, the two-equation cost frontier model should provide more reliable estimates of cost structure parameters and inefficiency of the school districts.
Cross Section Models
The model for the 1989-90 and 1991-92 cross sectional data is specified as:
Variables names are as described above, with the initial letter L indicating natural logarithm, with the exception of the special needs variable SP, which has been converted into a proportion PSP. In the case of the 1990-91cross-section specification, however, an alternative model is used for reasons that will be explained later.
Tables 1 through 6 present the results of cross section estimation.
A likelihood ratio (LR) test of the one-sided error in conjunction with the high value of ã indicates that OLS estimation is not an adequate representation of the cost structure for the Nebraska school districts observed over the three years. An LR test of the hypothesis that there is no systematic component in the inefficiency distribution, H0: ä0 = ä1 = 0, is rejected. An LR test for the presence of a stochastic element of inefficiency was also conducted. In order to do so, äo was set equal to zero (äo= 0) and the interactive variable (EDX* Except for coefficient â3, the estimated â coefficients have expected signs and are reasonably significant judging by the asymptotic t ratio. Our estimated negative â1 and positive â2 coefficients reveal a concave cost function with respect to scale (ADM). Unlike the other two years, hypothesis testing for the intercept term (ä0) in the inefficiency model, Ho: äo = 0, is rejected in 1990-91. In the inefficiency model it appears that the interactive variable (EDX*LADM) is significant by the asymptotic t ratio, and has the expected negative sign. The negative sign implies that the scale efficiency is dominant over the efficiency changes associated with the relative change in educational experience of teachers. The hypothesis that the interaction between educational experience of teachers and scale of operation does not explain inefficiency (H0: ä1 = 0), is also rejected by the likelihood ratio test. Thus, the inclusion of EXS (EDX*LADM) term in the inefficiency model is supported by our data.
Therefore, as expected, average educational experience of teachers and scale of operation in an interactive form, (EDX*LADM) helps explain the observed inefficiencies of the schools districts.
The evidence indicated by the LR test (and also by the asymptotic t ratio) that an interactive variable (EXS) can explain inefficiency, suggests a non-neutral shifting of the cost frontier with respect to educational experience of teachers and scale of operation, as described in Huang and Liu (1994) . Thus, we have confirmation that the cost function estimated by OLS cannot even indicate the shape of the cost frontier for Nebraska school districts. The stochastic cost frontier with an explicit model of inefficiency effects emerges as a superior model.
Panel Data Model
Panel data allows incorporation of a time dimension in the cost frontier model. In terms of model structure, a two-equation panel data model is an extension of the two-equation cross section model, as described in Battese and Coelli (1993) , with the inclusion of the time variable (YR) in the cost function as well as in the inefficiency model. The panel model estimated is: LDPPit = â0 + â1LADMit + â2LADMit 2 + â3LGRit + â4LAVGSit + â5LPSPit + â6YRit + uit+ vit (5a) uit = äo + ä1LEDXit + ä2LADMit + ä3YRit + wit , t= 1,2,&3 years.
Results are presented in Tables 7 and 8 Table 8 .
It is interesting to note that contrary to the cross section models, the panel data model does not support the idea that the multiplicative interaction between LADM and EDX (or LEDX) would explain the inefficiency Since the panel data are for three years only, it is not surprising that the educational experience of teachers would explain the larger part of the inefficiency in school operation than the time variable (YR) does.
However, inclusion of the time variable in the inefficiency model does provide insights into the dynamics of the relative change in the efficiencies of the school districts over time.
USE OF COST FRONTIER ANALYSIS
Rankings of School Districts by Efficiency Estimates
Based on the preferred cross section model for each of the three years, cost efficiency of each of the 274
Nebraska school districts was estimated. School districts were arranged in a descending order of their estimated inefficiency (higher rank indicates a higher level of efficiency). We observe that school districts rated most inefficient at one point of time do not always remain so during the three years of this study. Efficiencies of the 274 school districts were also estimated using the two-equation panel data model and arranged in a descending order. Estimates of inefficiency by the panel data model appeared to be higher than those estimated by the cross section models. In the inefficiency range of beyond 10 percent, there were 33.59 percent, 27.65 percent, and 24.83 percent school districts in 1989-90,1990-91 and 1991-92 respectively.
Evidently, there has been a trend of improvement in terms of cost efficiency of school districts. In fact, this is consistent with the negative coefficient of the time (YR) variable appeared in the inefficiency effect model of the cost frontier. This trend was also noticed with the pooled cost efficiencies estimated by the three cross section models. Thus, the cost frontier estimation reveals the dynamics of change in school efficiencies. Spearman rank correlation coefficients presented in Table 9 indicates a close association between the cross section and panel data correlations for a given year. However, a less clear association between the rankings by either model is observed when there is more time difference.
Aid Formula Implications for Nebraska School Districts
Bradbury et al. (1984) calculated the cost index for each of the local jurisdictions in their Massachusetts study. In order to calculate the cost index, their method was to predict "what each community would have spent if it had average resources, average demand and average population change, but retained its own values for the cost variables." Then the predicted expenditures were divided by the mean per capita expenditure for all 351 cities and towns in Massachusetts. An index value above one indicated extra cost incurred for adverse environmental cost factors specific to that community. It is obvious in this case, however, that the cost index calculated by Bradbury et al. (1984) is based on an average community.
The cost function frontier approach can help reduce fiscal disparities in two ways. One way is to adjust the cost index calculated for a local jurisdiction by its efficiency estimates. For example, as indicated by Bradbury et al. (1984) , in Boston there was 40 percent more expenditure per person compared to a community with average characteristics. Now, if it is known that the cost efficiency index for Boston municipal services is, say, 1.3, then it is fair to suggest that the intergovernmental aid associated with Boston's cost index of 1.4 must be scaled down by its cost inefficiency of 30 percent. Ratcliffe et al. (1990) combined the five cost factors, "that are largely outside the control of school officials and that influence the cost of public education in Nebraska" into a single cost index for each school district in the state. As explained above, the cost indices for Nebraska school districts can now be adjusted using the estimated cost efficiencies and may then be used in the school aid formula used for offsetting the fiscal disparities among Nebraska school districts. This adjustment would help impose financial and operational discipline on the school districts.
The other way in which the efficiency estimates can be used to reduce fiscal disparities is to incorporate the efficiency factor directly into the intergovernmental aid formula. This approach is obviously not dependent on an average school district concept. It assumes that we can calculate the most efficient cost level for the operation of a particular school district on the basis of that district's inefficiency quotient. The most efficient cost level calculated on the basis of a stochastic cost frontier is unique for a particular school district. Thus, there is no need to compare with an average school district. An additional advantage is that it allows considering all of the factors in their unique value for that school district. Thus, the judgmental issue as to which factors to include as the environmental cost factors and which to retain at their average value, as in Bradbury et al. (1984) footnote 10, can be avoided.
The results of the computation presented below in Table 10 illustrate the idea. The intergovernmental aid formula can make an attempt to offset the fiscal disparity by focusing on the frontier cost rather than on actual cost. Calculation of frontier cost has taken into account the systematic adverse factors. Moreover, it has accounted for any random unfavorable or favorable conditions. It is often argued that in order to avoid encouraging inefficiency intergovernmental aid should not compensate for controllable factors. By the same token, intergovernmental aid should not compensate for inefficient operation of school districts. As we know, for example, the Hayes Center public school district spends an extra $1320.35/pupil due to inefficient operation. Splitting the composite error term into its constituent pieces reveals information about the random favorable and unfavorable condition in which school districts operate. This information has obvious bearing on the designing of state aid formulae for school districts. The following will explain the procedure of estimating the dollar value of the random favorable or unfavorable condition. The term f(yi, pi, ENFi, â) can be obtained by inserting the actual value of the arguments (yi, pi, ENFi) in the estimated regression function. Thus, exp (vi) can be calculated, from which the cost or benefit for the unfavorable or favorable condition respectively can be estimated. As examples, the results of this calculation for selected Nebraska school districts are presented in Table 11 . Such information for each school district can be utilized for adjusting the school aid formula, which would help minimize the state aid cost. Moreover, this would help modify the approach presently taken to mitigate the fiscal disparities among Nebraska school districts.
Summary and Conclusions
In this paper, we have proposed the use of a two-equation stochastic frontier model for the estimation of school district cost and have estimated such models using both cross section and panel data for Nebraska school districts. Our results indicate that stochastic frontier models can contribute a great deal of insight regarding school district cost and sources of inefficiency. First, the usual OLS method of estimation is clearly rejected with a stochastic frontier model being clearly superior. Based on both our cross section and panel data estimations, there are scale economies apparent in school district cost. The cost frontier declines with school district membership and is concave. Furthermore, teachers' educational experience appears to exert a positive effect on cost efficiency of school districts. A large part of the estimated inefficiency across school districts is explained by differences in teacher experience. In the cross section models, the interaction between district membership and teacher experience helps explain the observed inefficiencies of the school districts. The panel data models also indicate that the inefficiency effects cause a non-neutral shifting of school district cost functions. The form of interaction is different than that in the cross section models, however. Teacher educational experience and larger scale both have positive effects on the cost effectiveness of districts. Estimated sources of inefficiency are then very useful in helping to determine district need for the purpose of computing state aid. We are able to construct indices of school district efficiency based on our models. Then, we can use the models to estimate the cost frontier for districts, reflecting the least cost attainable, given the experience of districts in the sample. Based on that computation, we can then compute an adjusted measure of need for the purpose of computing state aid. Rather than defining need on the basis of average cost, as would be the case using a conventional regression model, we can define need with reference to the cost frontier, taking into account favorable and unfavorable conditions in school districts.
Such an application clearly demonstrates the very useful potential of these methods. ------Estimated asymptotic t ratios are given in parenthesis below the parameter estimates. Level of significance = 5%. * Likelihood ratio test (LR). 
